Abstract. The Indian Creek PL-566 Watershed project area includes 4,700 acres located north of
Introduction
The Indian Creek PL-566 Watershed project area includes 4,700 acres located north of Council Bluffs city limits in Western Iowa. Indian Creek drains an additional 5,092 acres within the city limits before emptying into the Missouri River. The watershed is on the western edge of the Loess Hills Landform adjacent to the Missouri River Floodplain. Historically the watershed project area was primarily grain and livestock farming but recently the land is being converted into small acreages. The plan for structural work in Indian Creek was completed in 1961 which included the implementation of 15 grade stabilization structures. Indian Creek Site 2 was constructed in 1975 with a low hazard rating to control grade and reduce sediment loading downstream. It has been subsequently studied and reclassified as high hazard in April 2004 once a detailed study conducted in March 2003 showed seven residences and one business in the breach inundation area. The project sponsors have asked the Natural Resources Conservation Service (NRCS) for assistance in upgrading the structure to meet Iowa Department of Natural Resources (IDNR) code. The rehabilitation action is being planned and will be implemented under the Watershed Protection and Flood Prevention Act PL 83-566 as amended by PL 106-472. In addition, it is being planned and is in compliance with the National Environmental Policy Act (NEPA) and the National Historic Preservation Act of 1966 as amended (NHPA) provisions.
History and Benefits
Indian Creek begins four miles north of Council Bluffs, flows through the city and outlets into the Missouri River. The watershed area is 9,792 acres or 15.3 square miles. The project area includes the 4,700 acre area north of the Council Bluffs city limits. The stream has had a long history of damaging floods causing extensive damages to bridge and road infrastructure. The Soil Conservation Service (SCS, now NRCS) and the U.S. Army Corps of Engineers (COE, now ACE) prepared separate but complementary plans to control flooding and erosion problems in 1961. The SCS plan addressed erosion and sediment control while the COE plan controlled flooding in the city limits of Council Bluffs. The SCS plan was developed with the intent that the COE plan would be implemented in conjunction with the SCS plan. The COE plan called for a large flood control structure located just north of the city limits but downstream of Indian Creek Site 2. With no citizen support, the COE plan was de-authorized and never constructed.
The plan for grade stabilization, sediment control, and watershed protection in the Indian Creek Watershed was developed at the request of and in cooperation with the local landowners and project sponsors. It included 15 grade stabilization structures and conservation practices such as level terraces, basin terraces, grassed waterways, and contouring. The practices were completed in 1976. The grade stabilization dams controlled gullies ranging from 20 feet deep to 60 feet deep and 40 feet to 200 feet wide that damaged farmland and public infrastructure. The conservation practices controlled sheet and rill erosion on over 83 percent of the watershed and combined with the grade stabilization structures reduced sediment delivery by 71 percent. Historically, the watershed had been characterized by a rural agricultural area with cropland and pasture but recently the project area is being converted to small acreages. This trend is expected to continue and could possibly lead to increased runoff and soil erosion. Site 2 was designed as a full flow drop inlet structure to provide grade stabilization and sediment storage. The site also provides stabilization to the areas immediately downstream from Sites 1 and 12 (see Figure 2 ). The net drop through the structure is 54 feet.
Site 2 formed an initial total sediment pool of 29 acres in two adjacent gullies. Water is allowed to flow between the two pool areas through six culverts in the upstream berm area and beneath a private access road. The top of the private access road is about 2 feet lower than top of dam so that excess storm water can flow from the right pool to the left and exit out the principal spillway.
Site 2 specifically provides a reduction in sediment damages in the downstream channel of Council Bluffs of $22,300 annually. Other benefits include reduced gully erosion damages to land of $53,000 annually and to bridges of $12,200 annually. Indirect benefits amount to $5,700 with a total overall annual benefit of $93,200. 
Resource and Rehabilitation Concerns

Sediment
A sediment survey was conducted in 2001 to determine the remaining sediment storage capacity of the structure. Results indicated that actual sediment accumulation was less than predicted sediment accumulation. A predicted sedimentation rate of 3.10 Acre-Feet (AF)/square-mile/year was used to design the structure. The sediment survey determined that 71.9 AF of sediment had accumulated in the pool so far. This calculates to an actual sedimentation rate of 2.58 AF/sq. mi. /yr. Using the actual sedimentation rate, the structure should have enough sediment storage capacity for another 124 years. Sediment was not considered to be a limiting life factor of the existing structure. Sediment samples were not taken specifically from this site but samples from another site in a similar location and watershed were analyzed and very low levels of several contaminants were detected. Reviews of results from other state and federal agencies did not indicate any concern over the levels of these contaminants.
Hazard Classification and Breach Analysis
The NRCS conducted a breach analysis in March 2003. The area downstream of Site 2 was surveyed to within 1,280 feet of the Council Bluffs city limits (see Figure 3) . The survey was stopped at this point since a breach analysis already indicated seven houses and one business in the breach inundation area. As the stream enters the city of Council Bluffs, the water is transmitted though a concrete lined channel. While a detailed survey in this area was not conducted, one could predict that in the event of a sudden failure of Site 2 some additional damage to bridges and homes within the city limits would occur. The NRCS state conservationist concurred that the dam be reclassified to high hazard. The planning process to rehabilitate the structure was already in place when official notification from the Iowa Department of Natural Resources, the state agency responsible for dam safety, mandated the dam be reclassified as high hazard due to downstream development.
Safety/Social Concerns
Approximately 25 people reside in the seven houses in the breach inundation area. In the event of a sudden failure of the dam, there is a potential for loss of life as well as extensive damage to houses and buildings. In addition, motorists on Mudhollow Road would at be at risk in the event of a failure as well as motorists on Highway 183. Damage to these roads would restrict emergency services, including fire, ambulance, and police to dozens of neighborhood residents. According to a 2000 traffic study, vehicle counts on Highway 183 and Mudhollow Road were 3,270 and 360 vehicles per day, respectively. The private access road located on top of the dam would be destroyed eliminating access to properties upstream of Site 2. Although a detailed structural inspection of the dam revealed no major defects, the safety concerns are enough for Site 2 to be reclassified to high hazard. 
Protection of Property Values
As mentioned above, property which was once pasture and cropland has now been converted to small rural acreages. Through public meetings and public comments, a resource concern identified by the public is the retention of the permanent pool to maintain property values and aesthetic appearances.
Alternatives
Alternative A -Future Without Project
In this alternative the sponsors would choose to excavate a channel through the 61 foot high dam in order to permanently eliminate the storage component of the site. Excavation of the channel would be controlled for a gradual release of the stored water. To construct a stable channel with adequate capacity, it would have a 20 foot bottom with 2 to 1 side slopes and be seeded to grass. A new private access road would need to be constructed to give those residents access to their property. Any excess sediment in the pool would need to be properly disposed. The annual benefits for reduced gully erosion, sedimentation, and reduced bridge costs would be lost.
Alternative B -Decommission Dam
This alternative requires that the sponsors remove the embankment similar to Alternative A. However, three grade stabilizations would be constructed with one in each gully at Site 2 and one between Site 2 and Site 1 to maintain gully control. Similar to Alternative A, a new private access road would need to be constructed.
Alternative C-1 -Rehabilitate Dam
Site 2 will be rehabilitated to a new 50-year life. The top of dam will be raised 12 feet and the inlet and outlet will be replaced. The existing 5.5' x 5.5' barrel will be extended. The permanent pool level will remain unchanged and the private access road rebuilt in order to provide a way in to multiple properties. Development below top of dam will be restricted in accordance with state law.
Alternative C-2 -Rehabilitate Dam/Raise Dam, Smaller Spillway Pipe
This alternative consists that the top of dam be raised 15.5 feet. The existing 5.5' x 5.5' principal spillway will be replaced with a 36 inch reinforced concrete pipe. The permanent pool will remain the same and the private access road will be rebuilt to maintain access to private property between the two pools. These actions will rehab the dam to high hazard criteria. Development below top of dam will be restricted in accordance with state law.
Alternative F -Rehabilitate/Raise Dam, Add Vegetated Auxiliary Spillway
For this alternative to rehabilitate the dam to meet high hazard class criteria, the top of dam will be raised three feet and a new vegetated auxiliary spillway will be added. The compacted earthfill spillway will be 80 feet wide with a crest elevation six feet below top of dam. The private access road on top of the dam will be rebuilt to provide access to the multiple properties between the two gullies. Development below top of dam will be restricted in accordance with state law. These actions will give the dam a new 50-year life.
Conclusions
A decision based on the Economic and Environmental Principles and Guidelines for Water and Related Land Resources Implementation Studies (P&G) selected Alternative F as the recommended plan that provided the greatest net economic benefit consistent with protecting the Nation's environment. This alternative will rehabilitate Indian Creek Site 2 to the NRCS high hazard criteria to meet current safety and performance standards. The alternative meets the sponsor's objectives and gives the structure a new 50-year design life.
The lesson behind this project was the importance of public opinion in playing a vital role in developing alternatives to meet everyone's needs. It is imperative that sponsors of PL-566 projects are aware and have a means to implement zoning procedures that prevent downstream development. This is particularly important in PL-566 projects that are close to developing areas such as Council Bluffs. More careful planning in this particular case may have eliminated the safety problems. The agency planned low hazard structure based on the intention that the COE dam would also be constructed. The COE structure would have eliminated the homes downstream of Site 2 in the breach inundation area and relieved the sponsors from implementing zoning procedures.
Each dam rehabilitation project has different challenges. Communication is the key to understanding the sponsor's objectives and the needs of the public.
